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Abstract

Objectives: To determine the impact of the Coronavirus disease-2019 (COVID-19) pandemic on the length of stay
(LOS) and prognosis of patients in the resuscitation area.

Methods: A retrospective analysis of case data of patients in the resuscitation area during the early stages of the
COVID-19 pandemic (January 15, 2020- January 14, 2021) was performed and compared with the pre-COVID-19
period (January 15,2019 — January 14, 2020) in the First Affiliated Hospital of Soochow University. The patients'infor-
mation, including age, sex, length of stay, and death, was collected. The Wilcoxon Rank sum test was performed to
compare the LOS difference between the two periods. Fisher’s Exact test and Chi-Squared test were used to analyze
the prognosis of patients. The LOS and prognosis in different departments of the resuscitation area (emergency inter-
nal medicine, emergency surgery, emergency neurology, and other departments) were further analyzed.

Results: Of the total 8278 patients, 4159 (50.24%) were enrolled in the COVID-19 pandemic period group, and 4119
(49.76%) were enrolled pre-COVID-19 period group. The length of stay was prolonged significantly in the COVID-

19 period compared with the pre-COVID-19 period (13h'VS 9.8h, p < 0.001). The LOS in the COVID-19 period was
prolonged in both emergency internal medicine (15.3h VS 11.3h, p < 0.001) and emergency surgery (8.7h VS 4.9h, p
< 0.001) but not in emergency neurology or other emergency departments. There was no significant difference in
mortality between the two cohorts (4.8% VS 5.3%, p = 0.341).

Conclusion: The COVID-19 pandemic was associated with a significant increase in the length of resuscitation area
stay, which may lead to resuscitation area crowding. The influence of the COVID-19 pandemic on patients of differ-
ent departments was variable. There was no significant impact on the LOS of emergency neurology. According to
different departments of the resuscitation area, the COVID-19 pandemic didn't significantly impact the prognosis of
patients.
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Background
COVID-19 is acute infectious pneumonia that was
declared a global pandemic by WHO in 2020 [1, 2].
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harms human health but also poses a challenge to inter-
national health causes. On January 15, 2020, the Chi-
nese Center for Disease Control and Prevention (CDC)
launched the first-level emergency response to the public
health emergency. Medical and health institutions have
actively implemented epidemic prevention and control
plans, which has played an important role in control-
ling the spread of the epidemic. The number of patients
in the emergency department is large, and the mobility is
strong, which increases the difficulty for emergency med-
ical staff. And in our hospital, the emergency department
(ED) is divided into resuscitation area (accommodating
the patients whose condition is urgent and life-threaten-
ing), emergency consulting room (accommodating the
patients whose condition is urgent but not life-threaten-
ing), and observation room (patients who have not met
hospitalization criteria but need to be observed in hospi-
tal). The resuscitation area consists of emergency internal
medicine, emergency surgery, emergency neurology, and
other emergency departments.

Even during the pre-COVID-19 period, the ED is often
presented as the possible solution for all medical prob-
lems, leading to ED overcrowding, which is a problem
that exists globally. In turn, the resuscitation area also
becomes. And it isn't easy to develop targeted solutions
[5]. The resuscitation area was crowded because of the
mismatch between the resuscitation area capacity and
the number of patients. Therefore, the overcrowded
resuscitation area may become harder to solve dur-
ing the COVID-19 pandemic as the number of pressing
issues increases. There is no golden standard to meas-
ure resuscitation area overcrowding [6]. The reasons for
overcrowding in the resuscitation area can be summa-
rized into three aspects: input, throughput, and output,
which means the number and acuity of patients seeking
treatment, patient time in the resuscitation area, and
admission to the hospital or discharge [7-10]. Gener-
ally, the resuscitation area overcrowding may increase the
length of stay (LOS), delay the evaluation and treatment
of patients, increase the work pressure of medical staff,
and increase the incidence of medical disputes and other
adverse events [11].

As a "window" of the hospital, it is essential to know
whether the pandemic has prolonged the LOS in the
resuscitation area and caused the overcrowding of the
resuscitation area. It is significant to treat patients timely
and prevents the spread of the epidemic effectively in a
dense crowd. Some studies have shown that emergency
department visits decreased, but the LOS of resuscita-
tion area patients increased during the COVID-19 period
[12-14]. The purpose of this study was to determine
the impact of the COVID-19 pandemic on the LOS and
prognosis of resuscitation area patients. The objective
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of this study is to provide basic data that can help pub-
lic health systems respond to resuscitation area crowd-
ing during a public health emergency, facilitating future
clinical research and improving patient outcomes.

Methods

Study design

A retrospective observational study was performed. The
patients’ information, including age, sex, length of stay,
and death, through the resuscitation area was gathered
during the COVID-19 pandemic period (January 15,
2020 — January 14, 2021) and compared with the pre-
COVID-19 period (January 15, 2019 — January 14, 2020)
at the First Affiliated Hospital of Soochow University.
The study site is an academic hospital with nine rescue
units. All ED visits are graded by trained and experienced
nurses using the Taiwan Triage and Acuity Scale (TTAS).
The TTAS can be divided into five grades according to
the severity of illness. The lower the grade, the more criti-
cal the patient [15]. Patients with grades 1-3 need to be
admitted to the resuscitation area for emergency treat-
ment. Resuscitation area LOS was defined as the time
between recorded arrival and recorded off in the resusci-
tation area [16].

Statistical analysis

All measurements were tested for normality using the
Shapiro-Wilk test. Continuous measurements with a
normal distribution were summarized with means and
standard deviations. Median and interquartile ranges
(IQRs) summarize continuous measurements without
normal distribution. Categorical measurements were
summarized using frequencies and percentages. A Rank
sum test was performed to examine the difference in the
LOS between the pre-COVID-19 period and the COVID-
19 period. Kruskal-Wallis tests were conducted between
different months to address discrepancies between the
two-time points. Fisher’s Exact test was used in the emer-
gency neurology department, and the Chi-square test
was used in other departments to examine the differ-
ences in the mortality rate between the pre-COVID-19
period and the COVID-19 period. All statistical analyses
were performed using R language version 4.1.0, and a p <
0.05 was considered statistically significant. Assumption
checks were performed prior to all analyses.

Ethics approval

This retrospective cohort study was performed in accord-
ance with the Declaration of Helsinki and approved
by the Medical Ethics Committee of the First Affiliated
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Hospital of Soochow University. (2021) Research Lot No.
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Results

Patients characteristics

Baseline demographic clinical characteristics of patients
in the resuscitation area are shown in Table 1. From Janu-
ary 2019 to January 2021, 8278 patients admitted to the
resuscitation area were screened, with 4119 (49.76%)
enrolled in the pre-COVID-19 period group and 4159
(50.24%) enrolled in the COVID-19 period group. There
were no significant differences in age and gender between
the two groups.

Length of Stay

There were no obvious visual differences in the number
of resuscitation area visits between the pre-COVID-19
period and the COVID-19 period in emergency inter-
nal medicine, emergency surgery, emergency neurology,
and other emergency departments (p = 0.715). The LOS
was significantly longer in the COVID-19 period than
in the pre-COVID-19 period (p < 0.001) (Table 1). The
LOS median time (IQR) increased from 9.8h (3, 22) to
13h (3.5, 23.9) (p < 0.001). Statistical analysis of the LOS
in each department (Fig. 1) showed that the LOS dur-
ing the COVID-19 period was prolonged in both emer-
gency internal medicine (15.3h VS 11.3h, p < 0.001) and
emergency surgery (8.7h VS 4.9h, p < 0.001). However,
the LOS of the emergency neurology department (p =
0.106) and else emergency department of resuscitation
area (p = 0.084) during the pre-COVID-19 period was
not statistically significant compared with the COVID-19
period. In order to show the trend intuitively, we divided
the pre-COVID-19 period and the COVID-19 period
into 12 months, showed the median LOS of each month,
and formed a broken line graph. The LOS was statistically
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analyzed in each department by month, as shown in
Fig. 2. The LOS increased significantly after the COVID-
19 pandemic in the resuscitation area (p < 0.001). (Fig. 2,
A) In terms of different departments of resuscitation
area, the LOS in the emergency internal medicine (Fig. 2,
B) and emergency surgery (Fig. 2, C) was on the rise dur-
ing the COVID-19 pandemic period compared to the
pre-COVID-19 period. However, there was no increas-
ing trend in the LOS in the emergency neurology depart-
ment (Fig. 2, D).

Mortality

In this study, the number of deaths in the resuscitation
area was 419 (220 during the COVID-19 period and 199
during the pre-COVID-19 period). Although the LOS
during the COVID-19 period was significantly longer
than the pre-COVID-19 period, there was no statisti-
cally significant relationship in the proportion of deaths
between the two periods (5.3% VS 4.8%, p = 0.341).
And there was no difference in the proportion of deaths
among subgroups, including emergency internal medi-
cine (6% VS 6.7%, p = 0.271), emergency surgery (3.8%
VS 3.6%, p = 0.814), emergency neurology (2.7% VS 2.8%,
p = 0.9), and other emergency departments (0% VS 1.6%,
p=0471).

Discussion

As an infectious disease transmission via respiratory
droplet secretions or direct contact with the lesions,
COVID-19 has caused a global pandemic in a short
period, with a higher mortality rate than seasonal flu
[17-19]. The COVID-19 genome mutations are continu-
ously found in the course of the pandemic, and the trans-
mission and virulence are also constantly changing with
the mutations. Humanity is still in the exploratory stage
of COVID-19 [20]. The COVID-19 outbreak is severely

Table 1 Baseline demographic clinical characteristics of patients in the resuscitation area during the pre-COVID-19 period and the

COVID-19 period

pre-COVID-19 period (n=4119) COVID-19 period (n=4159) p value

Age, Median (IQR)(years) 64(48,75) 64(49,76) >0.05
Sex >0.05

Male, n (%) 2564(62.2%) 2621(63%)

Female, n (%) 1555(37.8%) 1538(37%)
Department > 0.05

Emergency internal medicine, n (%) 2500(60.7%) 2516(60.5%)

Emergency surgery, n (%) 705(17.1%) 696(16.7%)

Emergency neurology, n (%) 842(20.4%) 883(21.2%)

Other, n (%) 72(1.7%) 64(1.5%)
Los, Median time (IQR)(h) 9.8(3,22) 13(3.5,23.9) < 0.001
Mortality, n (%) 199(4.8%) 220(5.3%) 0.341
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Fig. 1 Box plot of LOS in different departments between the pre-COVID-19 period vs. the COVID-19 period

affecting the health services system worldwide [21, 22].
COVID-19 is accompanied by various symptoms; 80% of
infected patients have no symptoms or mild symptoms
[23]. Therefore, it is necessary for the emergency depart-
ment, which is the frontline of hospitals to distinguish
suspected infection patients more carefully [24]. In the
current COVID-19 situation, strict screening and care-
ful admission are necessary. Therefore, as seen in prior
literature, [12—14] our study found that the length of
stay in the resuscitation area was longer than before the
pandemic.

There was no significant difference in the overall num-
ber of patients between the pre-COVID-19 period and
the COVID-19 period in this study. Meanwhile, there was
no difference in the number of patients in each depart-
ment in the resuscitation area between the two periods
either. However, other reports [25, 26] have shown a sig-
nificant reduction in emergency department visits during
the pandemic, particularly for patients with cardiovascu-
lar and neurological diseases. The main reason for reduc-
ing emergency department visits is that these patients are
frightened by the risk of contagion [27]. Further research
may be needed to assess the causes of the difference
between our study and other reports.

This study found that the LOS in the resuscitation area
during the COVID-19 period was longer than in the pre-
COVID-19 period. Studies in other regions have also
shown the problem [12-14]. The reasons for crowding
in the emergency department or resuscitation area can
be divided into three aspects: input, throughput, and
output. Several studies [27, 28] have shown that waiting
for hospitalization is one of the main reasons for crowd-
ing and detention in the resuscitation area. Even during
pre-COVID-19 periods, Fatovich et al. [29] considered
that the root cause of resuscitation area overcrowding
and retention lies in whether the hospital can provide
enough inpatient beds. During the COVID-19 pandemic
period, according to hospital regulations, patients who
need to be hospitalized should provide a SARS-CoV-2
nucleic acid certificate and chest CT and other related
examinations during the process of specialist admission.
Compared with the pre-COVID-19 period, waiting for
examination results resulted in an unavoidable delay in
the time for patients to leave the resuscitation area. The
resuscitation area workflows during the pre-COVID-19
period and the COVID-19 period are shown in Figs. 3
and 4. The process is more complicated during the pan-
demic, and the time of "throughput" is prolonged.
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The important conclusion from our analysis was that
the LOS was significantly prolonged in the emergency
internal medicine and the emergency surgery, while the
LOS was not significantly changed in the emergency
neurology and other departments. Patients requiring
observation or further hospitalization, whether in emer-
gency internal medicine or emergency surgery, can only
be admitted when the SARS-CoV-2 nucleic acid test
results are negative, and beds are available in specialized
wards, and these procedures were affected by the above
reasons during the pandemic, which prolonged the LOS.
However, for some acute and critical patients who need
to race against time, such as trauma, intestinal obstruc-
tion, appendicitis, aortic dissection, and acute myocar-
dial infarction, during the COVID-19 pandemic, such
patients can still have access to the “emergency green
channel,” which is a rapid and unblocked diagnosis and
treatment strategy to save lives of the emergent and
critical patients [27]. Instead of waiting for SARS-CoV-2
nucleic acid results, they can be treated in a timely way
after rapid assessment by a COVID-19 assessment panel.
However, patients outside the green channel must wait

for SARS-COV-2 results before being hospitalized. If
their reports are unavailable, they will be transferred to
the isolation unit (a separate room in the ward prepared
for emergency patients without negative nucleic acid
test result) for further treatments. According to emer-
gency neurology, most of the patients first diagnosed
in the emergency neurology department were cerebral
infarction or spontaneous intracerebral hemorrhage
(ICH). Patients with severe intracerebral hemorrhage
with surgical indications should be treated according to
emergency surgical procedures. According to the rec-
ommended treatment strategies, [28—30] in addition to
recombinant tissue plasminogen activator (rt-PA), there
are few effective treatments for ischemic stroke. Still, the
therapeutic window of rt-PA is 4.5 hours, beyond which
the risk of cerebral hemorrhage is significantly increased.
So, emergency thrombolysis for eligible patients is gener-
ally completed in the stroke unit of the resuscitation area.
After the end of emergency treatment, patients will be
transferred to observation or hospitalization. In this pro-
cess, it is enough to wait for the SARS-CoV-2 nucleic acid
results of patients. If nucleic acid results are not available
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after emergency treatment, patients will be transferred to
isolation wards. This process of diagnosis and treatment
may be the reason why the LOS of patients in the emer-
gency neurology department was not prolonged during
the COVID-19 pandemic period. But further research is
needed to confirm this idea.

Several studies revealed that [31-34] the mortality
increase is a common adverse consequence of resusci-
tation area crowding. Especially during the COVID-19
pandemic period, some patients postponed medical
treatment due to fear of infection, resulting in increased

morbidity and mortality [27, 35]. However, this study
shows that the overall mortality rate does not change
significantly during the COVID-19 pandemic period. In
terms of this result, we discussed the possible causes.
Generally, high mortality in the resuscitation area mainly
includes acute heart disease, critically ill patients who
need to be admitted to the Intensive Care Unit for moni-
toring and treatment, or patients who need emergency
surgery. During the COVID-19 pandemic period, the
hospital maintained the policy of emergency surgery and
critically ill patients first and opened a green channel for
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Hospitalization

critically ill patients. For example, critically ill patients
with a low risk of COVID-19 infection should be admit-
ted to subspecialized isolation wards for favorable treat-
ment, and be released when the results are negative.
Patients requiring emergency surgery were reported
to the medical affairs division for surgical treatment
and then isolated to a single ward waiting for inspec-
tion results and conducting further supportive thera-
pies. Perhaps, the mortality is not increased during the

COVID-19 pandemic period in the resuscitation area due
to the effective implementation of these measures.
Although the study suggested that the prolonged LOS
in the resuscitation area had no significant adverse effect
on mortality, the crowded resuscitation area caused
by the prolonged LOS still led to other negative conse-
quences, such as patients’ unsatisfactory medical treat-
ment, patients privacy exposure, excessive work pressure
of staff, medical disputes, Etc. The prolonged LOS in the
resuscitation area during the COVID-19 period should
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be taken seriously. And the staff, resuscitation area, hos-
pitals, and policymakers should work together to estab-
lish more effective triage mechanisms, such as increasing
resuscitation area staff, improving resuscitation area
rapid testing equipment, and increasing the number of
isolation wards in each department in response to tri-
age patients in resuscitation area during the COVID-19
period.

Limitations

There are some limitations to our study. First, this study
was a single-center retrospective study, and the results
could not reflect the situation of other hospitals in China.
Second, as the study’s retrospective nature, some infor-
mation collected is limited. So, we could not further
analyze the possible reasons for the prolongation of the
LOS and cannot explain why the LOS seems longer from
January to March. Therefore, in future studies, patients’
disease severity analysis, examination time, laboratory
testing capacity, and other complete information can be
added to further analysis. Thirdly, since the information
was missing after patients left the resuscitation area, the
patients’ prognosis may be incomprehensive. Although
there was no obvious change in mortality between the
two periods. This result didn't mean that the COVID-
19 pandemic has no impact on the prognosis of patients
with prolonged LOS in the resuscitation area. In future
studies, clinical follow-up of patients leaving the resusci-
tation area is needed to assess their prognosis.

Conclusion

The COVID-19 pandemic was associated with a sig-
nificant increase in the length of resuscitation area stay,
which may lead to resuscitation area crowding. The influ-
ence of the COVID-19 pandemic on patients of differ-
ent departments was variable. There was no significant
impact on the LOS of emergency neurology. Accord-
ing to different departments of the resuscitation area,
the COVID-19 pandemic didn’t significantly impact the
prognosis of patients.
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